Abstract---The study examined the technical efficiency of rice production in Adamawa State, Nigeria .A set of questionnaires was used to obtained data from 150 irrigated rice farmers and 225 rainfed rice farmers. The stochastic frontier model was used to analyze the technical efficiency of the rice farmers in both systems. Gross margin analysis was also used to determine the profitability or otherwise of the rice farms. The estimated elasticity of rice output with respect to farm size, seed and fertilizer were statistically significant in both systems. The mean technical efficiency of the irrigated rice farmers was 76%, while the rain-fed rice farmers have a mean technical efficiency of 71%. Significant differences exist in the technical efficiencies of the two farms. The return to scale was estimated to be 0.79 and 0.98 indicating decreasing return to scale. The inefficiency model revealed that in the irrigated system the variables education, farming experience, off-farm income, credit, membership of association and family size are significant and important in determining efficiency of the rice farmers. While under the rain-fed system education, farming experience, extension contact and family size are found to affect technical efficiency of the farmers. The gross margin analysis also revealed a gross margin of N94, 467.50 for the irrigated rice farms and N31, 673.13 for the rainfed rice farmers respectively. This implies that the irrigated rice farm has a higher gross margin than the rain-fed rice farms; hence profit is higher in the irrigated rice farms than the rain-fed rice farms. The government should develop a formal education that will improve farmers' ability to understand the modern agricultural activities with a view of increasing their efficiency in rice farming.
I. INTRODUCTION
Agriculture is an important sector in the Nigerian economy. The sector contributed about 42.6% of the gross domestic product GDP and it provides likelihood for over 80% of the total population (Adeboye, 2004) . The sector also plays a very significant role in proving food to the populace and it also reduces poverty in the country. However, despite all these, the contribution of the agricultural sector to the gross domestic product is experiencing a declined; In the periods of the year 1960-1969, the agriculture's annual share was 58%, but this percentage declined to 31% between 1970-1979 following the oil boom (Aigbokhan, 2001 The contribution of agricultural sector to the nation's GDP however goes up to an annual average of 41% in the year 1980-1989 and 42.6 in the year 2006 (CBN, 2005 NBS, 2010) . Nigeria has a total land mass of about 13.8 million hectares of arable land and out of these 2.91 million hectares of the land are single cropped. Rice and maize are considered to be the most important cereal crops grown in Nigeria.
Rice (Oryza Sativa) is considered one of the major cereal crop cultivated in the country, the production of the crop rose from 2.4 million metric tones in 1994 to 3.1 million metric tones in 2002 (FAO, 2003) . Despite the rise in the domestic production of the crop, still the demand of the commodity far exceeds the local production tremendously. This may be attributed because production of the commodity in Nigeria is mainly control by small scale farmers who are using traditional method of farming and other primitive form of production. The annual domestic output of rice in the country is about 3 million tones and the demand of the commodity is about 5 million metric tons, thereby leaving about 2 million metric tons of the commodity as a shortfall in supply which must be filled up only by imports annually. Adamawa state however produces about 4% of the total rice output in Nigerian ( Akpokodje et al, 2001 ).
Measurement of production efficiency in agricultural production more especially in developing countries is an important tool of measurement, because in developing countries, it is assumed that resources are scarce and efficiency also gives useful information for making policies towards agricultural production. Technical efficiency is defined as the ability of the farmer to produce at maximum output (frontier production) given quantities of inputs and production technology (Aigner et al 1977) . Production efficiency is usually concerned with the performance of the processes used in transforming given inputs into output. Therefore technical efficiency measures the differences in technical efficiency which may exist between firms and the variations in technical efficiency of producers may also be due to management decisions and farm specific characteristics that may affect the ability of the producer to use the existing technology adequately; therefore this study was conducted to examine the technical efficiency and its determinants on production efficiency.
II. METHODOLOGY A. Theoretical framework
Technical efficiency refers to the ability of a producer to produce maximum possible output with a minimum quantity of inputs under a given state of technology. A technically efficient farmer will operate on its frontier production function; given the relationship of inputs in a particular production function. A farmer is technically efficient if he produces on its outer bound production function to obtain the maximum possible output, which is possible under the existing technology. Farell's 1957 seminar paper on efficiency measurement led to the development of several approaches to measure efficiency and productivity. Among these approaches were the stochastic frontier production SFA (Aigner et al, 1977 (1) Where Yi is the production of the farm i=1,2,3,4……..n) X i is a 1×k vector of functions of input quantities applied by the ith farm; β is a k×1 vector of unknown parameters to be estimated, Vis are random variables assumed to be independently and identically distributed [N(0, and independent of U i and the U i are non negative random variables, associated with technical inefficiency in production assumed to be independently and identically distributed and truncations (at zero) of the normal distribution with mean Z i δ and variance . Following Battese and Coelli 1995, the technical inefficiency effects U i in equation 1 can be expressed as:
Where Wi are random variables, defined by the truncations of the normal distribution with zero mean and variance such that the point of truncation is Z i δ. Beside the farm specific variables, the Z i variables in equation 2 may also include input variables in the stochastic production frontier (1) , provided that the inefficiency effects are stochastic. The technical efficiency of the ith sample farm, denoted by TEi is given by (Dey et al. 1999) . if U i = 0, implying that production lies on the stochastic frontier, the farm obtains its maximum attainable output given its level of input. If U i ˂0, production lies below the frontier an indication of inefficiency. The maximum likelihood estimate of the parameters of the model defined by equation 1 and 2 and the generation of farm specific TE defined by equation 3 are estimated using the FRONTIER 4.1 package Coelli, 1994. In the process, the variance parameters and are expressed in terms of parameterization:
The value of ranges from 0 to 1 with values close to 1 indicating that the random component of the inefficiency effects makes a significant contribution to the analysis of the production system ( Coelli and Battese, 1996) .
B. Model specification tests
The use of a generalized likelihood ratio test is another way of testing if inefficiency effects are presence in the model. The generalized likelihood ratio test statistics is defined by = -2log [L (H0) / L(H1)] Where L H0 is the value of the log-likelihood function of a restricted frontier model as specified by a null hypothesis H0: and L H1 is the value of the log-likelihood function of unrestricted model (alternative hypothesis H1). The test statistics has a or mixed distribution with degrees of freedom(df) equal to the difference between the number of parameters involved in H0 and H1.
C. Empirical model
The empirical estimated Cobb-Douglass stochastic frontier production function is used to specify the technology of the farmers is specified as follows:
LnY i = β 0 + β 1 lnX 1 + β 2 lnX 2 + β 3 lnX 3 + β 4 lnX 4 + β 5 lnX 5 + β 6 lnX 6 +U i + V i
Where ln natural logarithm, Y i = rice output kg, X 1 = farm size (ha) X 2 = family labour (mandays), X 3 = hired labour (mandays), X 4 =seed (kg), X 5 = fertilizers ( kg) X 6 = agro chemicals (litres).
The technical inefficiency effects U i are defined as: 
D. Profitability analysis
Gross margin is used to determine the profitability of rice production and it is also used to analyze the cost and return of the firm to the farmers. The gross margin analysis is given as GM =TR-TVC. Where GM= gross margin TR = total revenue TVC = total variable cost.
The study area: This study was carried out in Adamawa State, Nigeria. Adamawa state is located in the north east part of Nigeria between latitude 33' N and 30' N of the equator and longitude E and E of the Greenwich meridian. (Adebayo, 1999) . The state shares common boundary with the Republic of Cameroon in theEast and South, Taraba State in the West, Borno and Gombe States in the North . The state has a population of 3,161,374 people ( NPC 2006) and is divided into 21 local government areas. Which are grouped into four agricultural zone. Agriculture is the major occupation of the people; some of the agricultural crops grown in the state include maize, guinea corn, rice millet etc.
Data collection: A multi stage random sampling technique was used. In the first stage two local governments were purposely selected from each of the zone based on their relative importance in rain-fed and irrigated rice production. Secondly from each of the selected local government areas, three villages were randomly selected or sampled, sampling at the village level was purposive based on major rice producing district. Finally a total of 375 rice farmers, 150 irrigated rice farmers and 225 rain-fed rice farmers were randomly selected using the proportionality factor adopted by Adebayo and Olayemi (2005) . Primary data were obtained by administering structured questionnaires. Data were analyzed using descriptive statistics, t-test, and Maximum Likelihood Estimation (MLE) of the stochastic frontier and inefficiency models.
III. RESULTS AND DISCUSSIONS
A. Summary statistics of socio economic variables of the rice farmers The summary of the sample statistics of rice farmers are presented below. The average age of the irrigated and rain-fed rice farmer was 45 years and 42 years respectively. Rice farming in both systems of production is dominated by male farmers, this could be because of the laborious nature of rice production and that majority of them are married. On the average, both farmers in the two systems have one form of education or the other. Farming experience for the irrigated and the rain-fed rice farmers was 11 years on the average. Most of the farmers cultivate about 1.1 hectare of land under the irrigated system and 2.1 hectare for the rain-fed farmers, this shows that both the farmers in the two systems are operating under a small scale and they finance their agricultural activities through use of personal savings. 
B. Technical Efficiency Measurement
The estimated parameters of the stochastic frontier production function and the inefficiency function for the irrigated rice production system is presented in Table 2 . The result indicates that all the variables in the production function is positive as expected, meaning that as the variable of input increases, so also output increases . These also implies that these variables farm size, seed, fertilizer, hired labour and agrochemicals had positive effects on the variation of the output of rice, it means that a 10% increase of these variables will led to less than 10% increase in output. The return to scale (RTS) value of 0.9162 and 0.7967 was obtained from the summation of the coefficients of the estimated parameters, which indicates that production is in stage two of the production frontier, i.e. decreasing but positive marginal benefit for irrigated and rain-fed system respectively (other things being equal). This indicates decreasing return to scale in both system of production. It also implies that all inputs were used within the rational stage of production surface (stage 2).
The variance parameters of the stochastic frontier production function analysis are represented by the sigma squared ( ) and Gama ( ).The sigma squared for the irrigated system as shown in the Table 2 is 6.9513 and significant at one percentage level, this indicated a good fit and correctness of the specified distributional assumption of the composites error term and also the sigma squared for the rain-fed system of production in Table 3 was found to be 9.5244 and statistically significant at one percentage level, this also indicates that one sided error term dominates the symmetry error indicating a good fit and correctness of the specified distributional assumption of the composite error term.
The Gama value or variance ratio defined by = / + is estimated to be 1 ot 100 percent which means that about 100 percent of the discrepancies between observed output and the frontier output are due to technical inefficiencies.
The Gama estimates which is 0.8756 and 0.8957 for irrigated and the rain-fed systems respectively show the amount of variation resulting from the technical inefficiencies of the rice farms in the irrigated agriculture and the rain-fed agriculture respectively. This means that 87% and 89% of the variation in farmers output is due to difference in technical inefficiencies in the two systems respectively, which implies that the ordinary least square estimate (OLS) is not adequate in explaining the inefficiencies on rice production in both systems of farming, thereby justifying the specification of a stochastic frontier production. This confirms that in the specified model, there is the presence of inefficiencies. 
C. Test of hypothesis
The maximum likelihood estimates of the stochastic frontier production function for rice production in the study area are presented in table 4. The table shows that there was presence of technical inefficiency effects in rice production in the study area for both the production systems as confirmed by the test of hypothesis for the presence of inefficiency effects using the generalized likelihood ratio test. The t-test statistics computed for irrigated rice farmers was 249.68 while the critical value for the t-test at 95% confidence level was 17.67. The t-test computed for the rain-fed farmers was 353.55 while t-test statistics value was 17.67. The null hypothesis of no inefficiency effects in rice production was rejected for both farmers.
D. Multicoenearity test
A multicollinearity test was done using the variance inflation factor and Eeigen values and the results of the test ruled out the presence of multicollinearity among the independent variables. because none of the tested variables registered a variance inflation factor (VIF) that is greater than 2. The variance inflation factor (VIF) range from 1.036 to 1.716, similarly, the tolerance values ranges from 0.583 to 0.965 which is deferent from zero, confirming that they are acceptable and devoid of multicollinearity. The Eigen value was 5.685.
E. Inefficiency model of the stochastic frontier
The result of the inefficiency effects of the stochastic frontier production shows that all the variables of the inefficiency effects have the expected sign. The coefficient of education is significant in both the systems of rice production; education is very important in improving the efficiency of the farmers in the study area, because the farmers can be able to organized and plan their farming activities. The coefficient for farming experience is also significant under both systems of rice production. The more experienced a farmer is the more efficient his ability to make decision on his own (Onyenweaku and Okoye, 2007) , therefore farmers experience helps a lot for efficiency in production. The coefficient of family size is also significant in both the system of production, meaning that large families produce more labour force for rice production. This agrees with the findings of Onyenweaku and Nwaru, (2005) who noted that large household size has an advantage on labour supply tremendously. However, under the irrigated system, the coefficient of off-farm income, credit availability and membership of association are statistically significant. The coefficient of extension contact was insignificant in the rainfed system respectively. The distribution of farmer's technical efficiency levels for the irrigated rice production system derived from the analysis of the stochastic production function is presented in the Table  4 . From the result of the analysis, it could be seen that the maximum technical efficiency of the irrigated rice farmer was of 0.9568 or (95%), while the minimum technical efficiency of the rice farmer has 0.1094 or (10%). With a mean technical efficiency of 0.7649 or (76%), this implies that, on the average, the farmers were able to obtain about 76% of the output from a given level of input. it means that in the short run, there is a room for increasing technical efficiency in rice productions in the study area by about 24%. The distribution of technical efficiency level of the irrigated rice farmers revealed that 16% of the respondents had technical efficiency of less than 50%, while about 28% had technical efficiency of between 50-69%, about 55% of the respondents had technical efficiency of 70% and above. The most efficient farmer operated at 95% efficiency, while the least efficient farmer was found to operate at 10% efficiency level. Irrigated rice farmers performed at an average technical efficiency of 76%, while majority of the rice farmers under the irrigated system falls within 70% technical efficiency. Other studies conducted on level of efficiency were also reported, Bravo-Ureta and Pinheiro. (1997) conducted a study on agriculture in the Dominican Republic and they found that the mean technical efficiency of the farmers was 70% with a range of 42% to 85%. Chirwa. (2003) The efficiency level analysis revealed that the most efficient farmer among the rice farmers had a technical efficiency level of about 99%, the least efficient farmer had a technical efficiency of 11%. The mean technical efficiency of the rice farmers is 71%, that is the average technical efficiency within which the farmers can produce at maximum with a given level of input and available technology. This is an indication that the rice farmers are inefficient and that there is room for improvement on the efficiency of the farmers in the study area.
The distribution of the efficiency analysis also revealed that 8.9% of the respondents had technical efficiency below 50%, about 26.3% had technical efficiency of 50-69% while 64.9% had technical efficiency of 70% and above. A similar study conducted by Daniel (2011) on smallholder Irish potato farmers in Kenya, he found that the technical efficiency indices varied from 21% to 93%, with a mean technical efficiency of 67%, which suggests that there was significant technical inefficiency in irish potato production in the study area. Similarly, a study by Ebong (2009) on the efficiency of urban farming in Nigeria, they found that all the farmers were producing below the maximum efficiency frontier. The farmer's technical efficiency index varied from 10% to 95%, with a mean technical efficiency of 81%. Similarly, Huynh Viet Khai et al. (2011) conducted a study on the analysis of rice production in Vietnam and the result revealed that the technical efficiency of Vietnamese rice farmers ranges from 16.5% to 98.5%, with an average of 81.6%.
The test of hypothesis that there are no significance difference in technical efficiency between farmers under the irrigated and the rain-fed system was also tested using the ttest statistics and the null hypothesis was rejected (the computed t-statistics for the farms was 4.638 at 95% confidence level, while tabulated t-statistics value was 1.96. therefore the computed value is higher than the critical value hence we reject the null hypothesis. It is therefore seen that these farms operate at different levels of technical efficiency.
The profitability analysis: the profitability analysis is presented in table 5 for the irrigated Analysis of cost and returns revealed per hectare production of N 179,880.41. Labour constituted about 35.7% of the total cost of production, suggesting that labour is an important resource in rice production. This concur with the findings of Chikwendu and Tologbonse (1999): Shehu (2007) and Gailyson, Y.J. (2011), they both reported that human labour was the most important significant cost in rice production. Then followed by fertilizers which constitutes about 24% of the total cost and herbicides which accounted for about 12%. An average of 7,622.25 kg of paddy rice per hectare was harvested from the irrigated farms. Therefore at an average prevailing price of N 36.00 per kg of paddy rice the total value of production was N 274, 347.91. The gross margin per hectare was N 94,467.50 based on the assumption that fixed inputs are negligible. The investment was 52 kobo which means that for every one Naira ( N) invested, the farmer got extra 52 kobo. From the above analysis of cost and returns, it shows that per hectare cost of paddy production was N 84,214.fertilizer constitute about 39.10% of the total cost of production, which suggest how important the use of fertilizer is in the rain-fed system of rice production, then follow by labour which constitute about 22.6% of the total cost of production. An average of 3,214.24kg of paddy rice per hectare was harvested from the rain-fed rice farms. Therefore at an average prevailing price of N 36.00 per kg of paddy rice, the total value of production was N 115, 887.13. The gross margin per hectare was N 31, 673.13 based on the assumption that fixed inputs are negligible. The investment was 0.37 kobo, which means that for every one Naira (N) invested the farmer gets extra 37 kobo. Therefore profit was realized in both the systems, but the gross margin is high in the irrigated system than the rain fed system, and also the return on investment was high in the irrigated system with about 52% to rain-fed 37%. This findings of the study concur with the findings of Makombe Godswill, et al. (2011), they conducted a study on a comparative analysis of the technical efficiency of rain-fed and smallholder irrigation in Ethiopia, they concluded that the gross margin for the irrigated rice farms are higher than those of rain-fed production indicating that it may be viable to put more land under irrigation.
The test of hypothesis that there are no significance difference in profit between farmers under the irrigated and the rain-fed system was also tested using the t-test statistics and the null hypothesis was rejected (the computed t-statistics for the rice farms was 5.380 at 95% confidence level, while tabulated t-statistics value was 1.96. therefore the computed value is higher than the critical value hence we reject the null hypothesis. It is therefore seen that these farms operate at different levels of profitability.
F. Conclusions and Recommendations
The study estimated and compared the technical efficiencies of rice farms in irrigated and rain-fed production system and also determined the profitability of the rice farms. The socio-economic characteristics of the respondents showed that majority of the farmers are male and have experienced in rice farming. Majority of the farmers operate on a small scale farms of 1 hectare to 2 hectare of land and they used their personal savings to carry out their farming activities. However, there are rooms for improving farmers efficiency levelsin the two systems more especially as both systems of rice farming in the area were experiencing decreasing returns to scale. The result of the efficiency analysis revealed that the irrigated rice farmers have a mean technical efficiency of 76% with a range of 10% for the least efficient farmer and 95% for the most efficient farmer, while the rain-fed rice farmers have a mean technical efficiency of 71% with a range of 11% for the least efficient farmer and 98% for the most efficient farmer. This indicates that the farmers are inefficient and therefore there is room for improvement in rice production by 24% and 29% in the two systems respectively. The gross margin analysis also revealed that rice farming was generally profitable in the study area with a gross margin of N94, 467.50 for the irrigated rice farms and N31, 673.13 for the rain-fed rice farms respectively. The policy implication of the findings is that there is scope for raising the present level of technical efficiency of rice production given the differences in their technical efficiencies. With regards to farm-specific factors, especially education, there is need for the government to formulate policies aimed at promoting education as a means of enhancing efficiency in rice production, as this will enable the farmers to allocate their inputs effectively. Farmers should also have more access to extension services in order to improve their knowledge of farm activities.
